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Magnetic force microscopy image of Co–Cr–Ta layer in perpendicular
magnetic tape at high linear recording density
K. Ishikawa, R. Taguchi, E. Miyashita, J. Numazawa, and H. Ohshima
NHK Science and Technical Research Laboratories, 1-10-11 Kinuta, Setagaya, Tokyo 157, Japan
In this study, magnetic force microscopy ~MFM! was used to investigate the recording capability of
a perpendicular magnetic tape at a higher linear recording density. Perpendicular magnetic tapes
with polyimide base sheets 10 mm thick were fabricated by a facing-target sputtering system @H.
Yoshimoto, K. Kuga, Y. Yoneda, and J. Numazawa, J. Magn. Magn. Mater. 148, 357 ~1995!#. A
Co–Cr–Ta ~200 nm! monolayered tape with a base sheet of excellent surface roughness was
fabricated. A complete recorded bit pattern of 250 kfci was observed as a MFM image on the tape.
A recorded bit pattern of 300 kfci was also observed. A Co–Cr–Ta/Ni–Fe ~150/50 nm!
multilayered tape was also fabricated. The remnant magnetization state on this tape at 50 kfci was
improved by the presence of an underlayer ~Ni–Fe! only 50 nm thick. The MFM image at 250 kfci
was the same as with a monolayered tape. © 1997 American Institute of Physics.
@S0021-8979~97!36908-4#I. INTRODUCTION
Perpendicular magnetic recording tapes have been devel-
oped for recording use with high-definition television and
high-quality video multimedia. A digital video recording ex-
periment using a perpendicular magnetic tape has succeeded
at 150 kbpi with a 10-mm-wide track ring head. The record-
ing capability of this tape at a higher linear recording density
now has to be investigated in order to make a tape with
higher performance. In this study, magnetic force micros-
copy ~MFM! was used to investigate the recording capability
of perpendicular magnetic tapes at a higher linear recording
density.
II. EXPERIMENTAL PROCEDURE
Two kinds of base sheets ~sheet A and B! of different
surface roughness were used to investigate the dependence
read/write characteristics of perpendicular magnetic tapes on
the surface roughness of the base sheets. Topographic im-
ages of these sheets were obtained by atomic force micros-
copy ~AFM!. The average surface roughness Ra and maxi-
mum height Rmax of microprojections on the base sheet were
estimated by the AFM image. The estimated area of Ra was
10310 mm because the track width of the recording head
was 10 mm. Base sheet A had standard surface roughness.
Base sheet B had excellent surface roughness that was lower
Ra and Rmax than the standard one.
Recording experiments were performed on a precision
air-bearing drum stand ~a system that evaluates the head and
tape!. The perpendicular magnetic tapes used in this study
TABLE I. Characteristics of tapes. Perpendicular coercivity Hc , perpen-
dicular magnetic anisotropy field Hk , and saturated magnetization Ms were
characteristics of the Co–Cr–Ta layer.
Tapes Base sheet
dCo–Cr–Ta
~nm!
dNi–Fe
~nm!
Hc'
~Oe!
Hk
~Oe!
Ms
~emu/cc!
Tape A Sheet A 200 0 1380 4600 460
Tape B-1 Sheet B 200 0 1400 4800 460
Tape B-2 Sheet B 150 50 1400 4790 4604390 J. Appl. Phys. 81 (8), 15 April 1997 0021-8979/97/
Downloaded¬25¬Mar¬2010¬to¬130.34.135.83.¬Redistribution¬subjewere monolayered tape A with base sheet A, monolayered
tape B-1 with base sheet B and multilayered tape B-2 with
base sheet B. The M –H loops of these tapes were measured
by a vibrating sample magnetometer. Characteristics of these
tapes are shown in Table I.
The recording head was an Fe–Ta–N laminated-type
ring head with a gap length of 0.14 mm, track width of 10
mm, and coil of 38 turns. The relative recording velocity was
10.7 m/s. The tapes were recorded in a state as made.
A Nanoscope IIIa was used to obtain recorded bit pat-
terns. The MFM tip was coated with a Co–Cr alloy for mag-
netic imaging and magnetized in the vertical direction. The
resonant frequency of the tip is in the range of 70–80 kHz.
The magnetic images were obtained in the frequency detec-
tion mode1 using a tip lift of 30 nm.
III. RESULTS AND DISCUSSION
A. Surface roughness and read/write characteristics
Figures 1~a! and 1~b! show the AFM images of base
sheets A and B. Figures 2~a! and 2~b! show the AFM images
of tapes A and B-1. Ra and Rmax of sheet B are lower than
those of sheet A. Those of tape B-1 are also lower than those
of tape A. Tape A has almost the same Ra as sheet A, but
tape B-1 has a higher Ra than sheet B. The reason for the
higher Ra of tape B-1 is that crystallized fine grain appeared
on tape B-1, as shown in Fig. 2~b!. The Ra of base sheet B
was sufficiently low, as shown in Fig. 1~b!.
FIG. 1. AFM images of the base sheets surface: ~a! sheet A and ~b! sheet B.81(8)/4390/3/$10.00 © 1997 American Institute of Physics
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Figures 3~a! and 3~b! show M –H loops of tapes A and
B-1. Reproduced output depends on Ra , Rmax , Hc' , Hk ,
Ms , and the thickness of the Co–Cr–Ta layer. The repro-
duced output also depends on the initial layer2 shown in Fig.
3. Tape A and B-1 had the same initial layer. Tape A was the
same as tape B-1 except in terms of the surface roughness.
Figure 4 shows the characteristics of the linear recording
densities of tapes A and B-1. Tape B-1 had almost the same
reproduced output at 7.5 kfci as tape A, but at a higher den-
sity tape B-1 had a higher reproduced output than tape A. At
170 kfci, the reroduced output of tape B-1 was 3.2 dB
higher. D50 of tape B-1 was 5 kfci higher.
The main reason for the higher reproduced output of
tape B-1 at high density seems to be that the head/tape spac-
ing loss in the main reproduction was reduced as the repro-
duced output became high at higher densities.
B. Ultrahigh density recorded pattern by MFM
It was difficult to reproduce with a ring head at 250 kfci
because there was a gap loss, but the ultrahigh density re-
corded pattern was observed by MFM. Figure 5 shows the
images of recorded patterns at 250 kfci. Figures 5~a! and 5~b!
are tapes A and B-1, respectively. Tape B-1, as shown in Fig.
5~b!, has the more clearly recorded pattern. The profile of the
recorded pattern in the tape running direction has a complete
sine wave. This profile was also observed in tape A, as
shown in Fig. 5~a!, but this recording pattern was deformed
and had unseparated bits. It seems that the spacing loss in
recording tape A was large because of the higher surface
FIG. 2. AFM images of Co–Cr–Ta tapes surface: ~a! tape A and ~b! tape
B-1.
FIG. 3. M –H loops of Co–Cr–Ta tapes’ longitudinal direction: ~a! tape A
and ~b! tape B-1.J. Appl. Phys., Vol. 81, No. 8, 15 April 1997
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recording density not only lowers the reproduced output but
also makes recording insufficient. The deformation of bits in
the track direction is media noise. Magnetic information at
only the macroarea was obtained by a ring head, but MFM
will be able to analyze relations between the magnetization
state and surface roughness at microareas.
In addition, the recorded pattern at 300 kfci ~correspond-
ing to 80 nm bit length! on the excellent tape B-1 was inves-
tigated by MFM. The image is shown in Fig. 6~a!. This im-
age exhibited a deformed and unseparated recorded bit
pattern, because the bit length of 80 nm approached the mag-
netic cluster domain size observed in the maximum remnant
magnetization state as made shown in Fig. 6~b!. A smaller
magnetic cluster domain must, therefore, obtain a shorter
completely recorded bit pattern. This will be accomplished
by making media more fine grained.
C. MFM images of Co–Cr–Ta and Co–Cr–Ta/Ni–Fe
tapes
Figures 7~a-1! and 7~a-2! show the MFM images of the
recorded bit pattern at 50–250 kfci of tapes B-1 and B-2,
respectively. The underlayer of tape B-2 was not so thick
because the tape must have low stiffness.3 The remnant mag-
netization state on tape B-2 at 50 kfci, shown in Fig. 7~a-2!,
was clearly better than that on tape B-1, shown in Fig. 7~a-
1!, and at 100 kfci was still slightly better. At 150–250 kfci,
it was the same as with tape B-1. A 50-nm-thick initial layer,
which is not related to the read/write using ring head, is
FIG. 4. Reproduced voltage vs linear bit density characteristics of tapes A
and B-1.
FIG. 5. MFM images of recorded bit patterns at 250 kfci: ~a! tape A and ~b!
tape B-1.4391Ishikawa et al.
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present in this monolayered tape B-1 but not in the multilay-
ered tape B-2.3 Accordingly, the thickness of the effective
Co–Cr–Ta layer in the monolayered tape was the same as
that of the multilayered tape. The difference in the recorded
FIG. 6. ~a! MFM image of recorded bit pattern at 300 kfci using tape B-1,
and ~b! MFM image of tape B-1 in the remnant magnetization state as made.
FIG. 7. Comparison of tape B-1 with tape B-2. ~a-1! and ~a-2!, MFM im-
ages of recorded bit pattern at 50–250 kfci of tapes B-1 and B-2, respec-
tively. ~b-1! and ~b-2!, reproduced wave form at 50 kfci of tapes B-1 and
B-2, respectively ~c-1! and ~c-2!, the averaged profiles at 50 kfci of tapes
B-1 and B-2, respectively, by MFM images.4392 J. Appl. Phys., Vol. 81, No. 8, 15 April 1997
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layer, which was only 50 nm thick, and not on the Co–
Cr–Ta layer. MFM will be able to analyze more about the
effects of the underlayer at microareas that could not be in-
vestigated by a conventional head.
Figures 7~b-1! and 7~b-2! show reproduced signals at 50
kfci using a ring head of tapes B-1 and B-2. The reproduced
signal of tape B-2 was 2.0 dB higher than that of tape B-1.
This is why the high reproduced signal of the remnant mag-
netization state on tape B-2 was improved by the underlayer,
as shown in Fig. 7~a-2!. Figures 7~c-1! and ~c-2! show the
profiles of the MFM signals of Figs. 7~a-1! and 7~a-2! at 50
kfci averaged across the recording track. The amplitude of
the MFM signal shown in Fig. 7~c-2! was about 2.0 dB
higher than that of the MFM signal shown in Fig. 7~c-1!.
This result corresponds to the reproduced signal as shown in
Figs. 7~b-1! and 7~b-2!. The MFM signal can be quantified if
the MFM signal is related exactly to the reproduced signal
using the ring head, etc.
IV. CONCLUSIONS
High-performance perpendicular magnetic tapes were
made by using a base sheet with excellent surface roughness
that was lower Ra and Rmax . Head/tape spacing loss at ultra-
high recording density not only reduces reproduced output
but also causes poor recording. The recording capability at
linear recording density of this Co–Cr–Ta tape was 300 kfci.
The MFM image of the recorded bit pattern at 50 and 100
kfci of the multilayered tape was clearer than the image of
the monolayered tape. The remnant magnetization states on
the perpendicular magnetic tape at under 100 kfci were im-
proved by an underlayer ~Ni–Fe! only 50 nm thick. The
MFM signal can be quantified if the MFM signal is related
exactly to the reproduced signal using the ring head, etc.
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